Objective: Evaluation of data on dietary calcium intake in premenopausal women of two socio-economic groups in Bangladesh. Design: A cross sectional study. Three days dietary records were used to estimate habitual calcium intake. Setting: Two regions of Bangladesh. The Dhaka city area and the Betagair Union in the sub-district Nandail, Mymensingh. Subjects: A total of 191 subjects of two groups (low socio-economic group ¼ group L, n ¼ 101 and high socio-economic group ¼ group H, n ¼ 90) of Bangladeshi women aged 16 -40 y. About 87% of the subjects were housewives and the rest 13% were distributed in other different professions. Each group consisted of three sub-groups (non-pregnant non-lactating ¼ 1, pregnant ¼ 2 and lactating ¼ 3). Results: The influence of socio-economic status on dietary intake of calcium (P < 0.001) was observed in this study. The dietary intake of calcium was influenced by physiological status (PS) in high income group only (P < 0.005). The mean dietary calcium intake was significantly higher (P < 0.005) in all sub-groups of this group compared with the corresponding sub-groups in low income group. Although in group H, 47% of subjects failed to meet even the lowest level (400 -500 mg=day) of WHO recommended dietary allowances (RDA) of calcium for adult women. No subject in group L was found to meet the RDA level. Moreover, 63% of the women in group L had calcium intake lower than 200 mg=day. These figure could be more critical in both groups if we consider the recent USA-RDAs of calcium for adult women (1000 mg=day). The observed sources of dietary calcium were different in the two groups. Conclusions: The results of the study suggested that low calcium intake could reduce the bone accretion rates and increase the risk of osteoporosis in the subjects of the present study. Calcium rich food may be recommended for women in both groups.
Introduction
Osteoporosis is one of the major public health problems in both developed and developing countries. Low dietary intake of calcium in adulthood could be involved in the pathogenesis of osteoporosis. Optimal peak bone mass could be achieved with adequate calcium intake (Cumming, 1990; Welten et al, 1995) , which is necessary for the prevention of osteoporosis. In fact, optimal calcium intake is necessary to maximize peak bone mass, maintain adult bone mass and minimize bone loss in the later years.
Dietary calcium intake has been shown to vary widely in global nutrition (FAO=WHO, 1962) . Many studies in Asia and Africa have reported the inadequate intake of dietary calcium in different populations where milk and milk products are absent in the daily diet or not consumed habitually (Prentice et al, 1991; ACC=SCN, 1997) . In the traditional society of Bangladesh, women need to have enough calcium in their daily diet throughout life due to early and repeated pregnancies, long lactation time and elevated requirements in postmenopausal period (Prentice et al, 1993) . Lower dietary intake of calcium, lower bone mineral density and greater osteoporotic risk were reported in Indian premenopausal women compared with Caucasians in America (Alekel et al, 1999) , which could reflect differences in nutritional habits as well as genetic differences.
In Bangladesh, there are very few published studies on calcium intake in rich urban and poor rural women. This study is a part of study focused on nutritional status in Bangladeshi women (Islam et al, 2001; 2002) .The purpose of the present study was to estimate the habitual dietary calcium intake and to study the sources of calcium in the diets of these two groups.
Subjects and methods

Subjects
A total of 191 women aged 16 -40 y were selected randomly from two socio-economic groups (low socio-economic group ¼ group L, n ¼ 101 and high socio-economic group ¼ group H, n ¼ 90) of two locations (north central and central regions) in Bangladesh. The characteristics of the subjects are presented in Table 1 . The west region of sub-district Nandail (Betagair union) in the district of Mymensing was chosen for group L subjects. The area is located by the side of the shallow water river Kachamatia, a tributary of the Brahmaputra which dries out during the dry season (October to May). It is in a flood and drought-prone plain zone of the country. The population of this area largely subsistes on rice cultivation with some cash cropping of jute and spring harvest. Two main crops (rice) are grown in this location, one harvested in December (Aman) and the other in June (Aush).
Considering poor socio-economic conditions, illiteracy, unsanitary and inadequate health facilities, this is a typical area of Bangladesh dominated by destitute people. The group consisted of women in the households of daily labourers, landless individuals (owing less than 0.4 acres of cultivable land), landless farmers (usually cultivate land and give 50% of the production to the owner), farmers with small-holdings (owned less than one acre of land). The landless farmers, and farmers with small-holding households relied for their income on casual employment as agricultural wage labourers. As the subjects in the low income group were selected from an illiterate community in one location, the cultural features in this group were similar.
The socio-economic status was based on family income level. However, the family income considered in this study was both cash and kind. The mean monthly income of the families is presented in Table 2 .
The subjects in the high socio-economic group were selected from affluent families with high income and educational level such as those of businessman and high official households (government, non-government, private or selfowned organization) living in buildings with modern facilities. Two locations in the newly developed part of Dhaka City area (Malibag Chowdhurypara and Nakhalpara) were chosen for this group. The purposes of the present study were explained to the potential subjects through family connections and a community network and they were Percentage of the total subjects in the group.
Calcium intake in Bangladeshi women MZ Islam et al asked to consent to participate in the study. In some cases the permission of husband and parents-in-law was sought for the subjects to participate. Subjects were selected from three categories of women and designated as non-pregnant non-lactating ¼ 1, pregnant ¼ 2, and lactating ¼ 3. The pregnant subjects of the present study were at late first trimester to beginning of second trimester of their pregnancy and lactating subjects were within two years of lactation. The groups L and H comprised of sub-groups L1, L2, L3 and H1, H2, H3, respectively. The study was conducted during February to March and April to May in 1995 for lowincome and high-income women, respectively.
The study was approved by the ethical committee of the Faculty of Agriculture and Forestry, University of Helsinki. During field work in Bangladesh the ethical guidelines of the University of Dhaka were also followed.
Methods
The principal investigator and two experienced female field workers conducted the dietary record. The field workers selected for the present study were residents of the city of Dhaka but they were originally from the district of Mymensingh. Therefore, they were familiar with the local languages and dialects, local customs, culture and food practices of the subjects of both locations chosen in the present study.
Information regarding food consumption was collected for three days in total including one Friday which was at that time a weekly holiday in Bangladesh. The consumption of each food item was closely monitored and recorded by using the food record method. The subjects were asked to maintain their normal dietary practice. The subjects in a given area were studied at the same time and the field workers were present at their houses during their meals. The amount of food was measured using measuring cups and glasses, collected from the Institute of Nutrition and Food Science which were used in Nutritional Surveys of Bangladesh. The subjects were requested to measure their food by themselves in front of the female field workers using the standardized measures provided. The field worker wrote down all the information about foods and beverage taken. Subjects were instructed to report the food taken between meals and to describe the portions in terms of measures provided which were also recorded by the field workers during following visits on the same day. The recorded food items were coded by the field workers and the weight of food items was measured in grams using the Food Code List and Food Quantities Manual of Institute of Nutrition and Food Science, University of Dhaka (Institute of Nutrition and Food Science, 1992) . Finally, to correct for errors the principal investigator thoroughly checked the measured and coded food items. The average daily intake of calcium and intakes of energy were calculated using the computerised version of the Bangladesh food composition database developed by the Institute of Nutrition and Food Science that has been used previously in several studies published in national and international journals including National Nutrition Surveys of Bangladesh. The intake of betel leaves (Piper betel) and Areca nut (Areca catechu) and Ca(OH) 2 were not included in the present study because the present food composition data base does not contain these food items.
Statistical analyses
The statistical analysis was carried out using w 2 test and twoway analysis of variance (ANOVA). Post-hoc analyses between the sub-groups of two socio-economic groups with similar physiological status were made with two sided t-test using Bonferroni correction (Munro, 1993) . Results are expressed as means and standard deviations. Mann -Whitney U-test was used for skewed distribution of variables. Taking Bonferroni correction into account the significance level P < 0.0167 is used (when three sub-groups compared). The Spearman correlation coefficient was used to estimate the relationship between different variables. The minimum significance level used was < 0.05. Stata Statistical Software (1997) was used in analyses.
Results
Food consumption
The mean daily total consumption of food (g) showed a significance difference (P < 0.001) between the two socioeconomic groups. The average daily consumption of foods and food groups related to the total amount of food eaten is presented in Table 3 . The mean daily consumption of food (g) showed a significant difference (P < 0.005) between the corresponding sub-groups of two socio-economic groups. As can be seen there was a large group variation in intake for almost all of the food groups (P < 0.005). The sub-group variation in each group was minimal. The food composition of the diet was different in the subjects in groups L and H. The diet composition and food records displayed a variety of food consumed by group H but the diet of the subjects in group L lacked variety, being mostly based on staples (rice and wheat), with only a small amount of animal products (such as meat, fish, eggs), milk and dairy products, fruits and sugar compared with the diet of group H. Fruit and meat were absent in the diets of sub-group L1 and milk and milk products were absent in both sub-groups of L1 and L2. Apart for cereals, the high income group had a significantly higher intake of all other food items studied. It was observed that women in the low-income group generally consumed two cooked meals a day and they had a meal in the morning if they had left-overs from the previous day.
Energy intake
High-income women had significantly higher (P < 0.001) intake of energy compared with group L women. The mean daily energy intake (EI) of all sub-groups of group L was Calcium intake in Bangladeshi women MZ Islam et al significantly lower (P < 0.001) compared with the corresponding sub-groups in group H and far below the RDA level (Table 1 ). The energy intake of sub-groups (1, 2 and 3) of group H was found to cover 90, 94 and 84% of RDA, respectively. The daily dietary sources of energy in group L was 10% from protein 6.4% from fats and 84.4% from carbohydrates compared with 12% from protein, 23% from fats and 62.8% from carbohydrates in group H, respectively.
Calcium intake
The daily intake of calcium intake was far below the RDA level in all sub-groups of group L. The mean calcium intake of women studied in sub-groups of group H was below their respective RDAs of calcium as well although the two groups showed a significant difference in calcium intake (P < 0.001).
The mean daily intake of calcium in sub-groups of the two groups is presented in Figure 1 . It was observed that 95% of group L and 47% of group H women consumed on average less than 400 mg=day. In addition 64% of group L and 11% of group H women consumed less than 200 mg=day. In this study, we observed that dietary calcium intake correlated strongly with total food intake (r ¼ 0.79, P < 0.001), protein intake (r ¼ 0.80, P < 0.001), energy intake (r ¼ 0.72, P < 0.001) and body mass index (r ¼ 0.50, P < 0.001).
Sources of calcium
Contributory sources of dietary calcium were different in the two groups. Some 32% of the total calcium intake was covered by cereal products in low income group and fish was the second major source of dietary calcium in this group. The remainder was distributed in milk and other basic food groups from less than 1 to 18% of the total calcium intake.
In this group below 1% of total intake of calcium was covered by egg. While in group H, fish was the main source of calcium and contributed 42% of the total daily intake. The rest was distributed among different food groups of contributory sources of calcium from less than 1 to 19%, respectively. Milk was the second highest source of dietary calcium in this group and contributed more than 19% of daily intake while it supplied nearly 3% of calcium in group L subjects (Figure 2a and b) . The influence of socio-economic status (P < 0.001) on calcium density of the diet was observed in this study (Figure 3 ). The influence of physiological status on calcium density of diet was observed in the high-income group only. Figure 1 The mean daily intake of calcium in sub-groups of the two groups.
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Discussion
A socio-economic difference in dietary intake was observed in this study. The specific food intake and meal pattern was different in the two groups. The average contribution of energy from protein and fat to total energy intake varied widely in two groups. In comparison with the estimated energy intake reported in earlier studies in Bangladesh (Ahmed & Hassan, 1983; Torres et al, 1990; Ahmed, 1993; Jahan, 1996) , the energy intake observed in this study in the high-income group was almost similar but it was lower in the low-income subjects. Considering other reported studies among the poor people of Bangladesh (Hossain, 1987) , the low-income group of this study had a higher energy intake. According to the Food and Nutrition Board for female adults in Asia the recommended daily allowance of calcium is 400 -500 mg=day, although a number of investigators 
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MZ Islam et al consider this level of intake is extremely low for postmenopausal women (Hickler and Wayne, 1984; Heaney et al, 1989) . It has been reported in the Nutrition Survey of Rural Bangladesh (1981 Bangladesh ( -1982 that the mean daily intake of calcium ranged from 279 to 294 mg=day in women of different age groups (Ahmed & Hassan, 1983) . Our study supported that a low dietary intake of calcium persists in the subjects and the prevalence of inadequate intake was relatively much higher in the low-income group. If the lower limit of the WHO-RDA is used as a reference point, then 95% of low-income-group and 47% of high-income-group women failed to meet this level. These figures are more critical in both groups if we consider the recent dietary reference intake for calcium proposed by Institute of Medicine (1999), USA. A low level of dietary intake of calcium are mostly common in developing countries where diets are not rich in milk and dairy products (ACC=SCN, 1997). Our study showed that milk intake was not adequate either in the low-income group or in the high-income group, although the average milk intake was higher in the high-income group than in the low-income group. The main sources of calcium in the low-income group were cereals, vegetables and fish whereas the sources in the high-income group were fish, milk products and cereals. Milk and milk products are no longer part of the typical Bangladeshi diet (Jahan, 1996) . The decrease in production and the excessive price-hike limits the consumption of milk for both groups. Milk and dairy products are generally beyond the reach of the poor. The National Nutrition Survey 1981 -1982 reported that milk intake was significantly decreased in the population of Bangladesh as compared with a previous survey in 1975 -1976 (Ahmed, 1993 . Lactose intolerance has been reported throughout the population of Asia (Schrimshaw & Murry, 1988 ) but it could not be the cause of the low calcium intake for most cases in the study samples. Small whole fish, dry fish and shrimp are also expensive and beyond the buying capacity of the lowincome group. Bangladeshi women are not accustomed to consuming canned fish with edible bones. These are also expensive and not available. Dark green leafy vegetables can contribute to total calcium intake but the consumption was low. The low-income women consumed Areca nuts (Areca catechu) and betel leaves (Piper betel) with lime [Ca(OH) 2 ] chewed as anorectics several times a day.
The dietary requirements for calcium have always been a controversial issue because our understanding of calcium bioavailability is not clear. However, the low intake of calcium in the study subjects could increase the risk of osteoporosis (Peacock, 1998) because low calcium intake coupled with long periods of elevated calcium requirement may adversely affect bone mineral mass. In addition, a high prevalence of hypovitaminosis D was shown in these subjects of two groups in our earlier study (Islam et al, 2002) . The available evidence suggests that insufficiency of both calcium and vitamin D throughout life could increase the fracture burden due to osteoporosis many-fold. Therefore, it is important to pay attention to this rather high prevalence of inadequate intake of calcium by both health professionals and health policy makers and active measures need to be taken by giving knowledge to the subjects about the importance of calcium for health. Calcium-rich foods such as milk and milk products, big fish and small whole fish, dry fish, shrimp and dark green leafy vegetables are recommended for these groups of women. Extensive dairy farming, fish and poultry farming, and home gardening could be encouraged to increase the availability of calcium-rich food items and ensure an adequate supply of calcium in the daily diet.
